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SOUND INSULATION/ABSORPTION STRUCTURE, AND STRUCTURE HAVING THE 

SAME APPLIED THERETO 



BACKGROUND OF THE INVENTION 



Field of the Invention 



[001] The present invention relates to a sound insulation/absorption structure, a sound 
insulation/absorption device, and a structure having these applied thereto and a member 
constituting the same, which insulate sound by elastic repulsion or absorb the sound by an 
elastic loss. 

Description of the Prior Art 

[002] The sound insulation performance of a single layer wall improves in proportion to the 
increasing amount of mass. Thus, a material with large mass, such as a concrete wall, a block 
wall, a bonded brick wall, lead, and a steel plate, is used io insulate a sound. A sound 
transmission loss is used as an index to show the sound insulation performance of a wall. The 
sound transmission loss TL of the single layer wall in the case where the sound is vertically 



incident on the wall surface is expressed by the following formula (1): 
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where co is an angular frequency, p 0 is the density of air, c 0 is the sound velocity of air, r is the 
viscous resistance of the wall in the thickness direction, m is the mass of the wall, and y is the 
elastic constant of the wall in the thickness direction. 

[003] Fig. 16 shows the sound transmission loss TL obtained by the formula (1) relative 
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the thickness direction shown in the following formula (2): 

. ... ■ . - • 

[004] The sound transmission loss TL is proportional to the frequency in 6 dB / oct on the 

higher frequency side than the resonance frequency f r. This area results from a term 
including the mass of the formula (1) and is referred to as a mass law. 
[005] On the other hand, the sound transmission loss TL is inversely proportional to the 
frequency in - 6 dB / oct on the lower frequency side than the resonance frequency f r. This 
area results from a term including an elastic constant of the formula (1) and is generally 
referred to as stiffiiess control. 

[006] In a conventional technique, the resonance frequency f r is provided in a low frequency 
area. Since the sound insulation performance of a sound insulation wall in an audible area 
depends on the mass law, the sound insulation performance of the wall deteriorates in 
proportion to low frequency sound. The sound insulation performance can be improved by 
increasing the thickness (a surface density), but the increase of the sound transmission loss is 
6 dB at most even by doubling the thickness. It is also said that a film or plate with a small 
surface density hardly ever has the sound insulation performance. On the other hand, a sound 
of a lower frequency than the resonance frequency f r can be insulated in theory by the action 
of the wall elasticity. 

[007] Thus, problems are pointed out in the conventional sound insulation method whereby the 
sound insulation performance deteriorates in proportion to low frequency sound and there is 
a limit to the necessary steps which can be taken to improve the sound insulation especially 
in collective housing or transport facilities because the sound insulation performance depends 



in collective housing or transport facilities because the sound insulation performance depends 
on the surface density. 

[008] Since the sound insulation method using stiffness control does not depend on the mass, it 
is not only possible to take proper sound insulation steps at the places where sound insulation 
steps could not be taken in the past, but also sound insulation for the low frequency sound 
can be expected. However, a sound insulation/absorption structure using stiffness control has 
not been in practical use as yet. 

[009] As a sound insulation/absorption structure for bringing stiffness control into view, a 
sound insulation structure and a sound insulation/absorption complex structure are known, 
which comprise a frame body, surface materials provided on both sides of the frame body, 
and a sound absorption material filled within these surface materials, wherein each surface 
material is formed to have a curved surface shape to increase the stiffness (rigidity) so that 
the stiffness area in the transmission loss frequency characteristics reaches a frequency 
higher than the resonance transmission frequency determined by the surface density of the 
surface material and the spacing of the surface materials (e.g., refer to Japanese Patent 
Application Publication No. 5-94195). 

[0010] Further, a sound insulation structure is known, which comprises a frame body, surface 
materials provided on both sides of the frame body, and a sound absorption material filled 
between these surface materials, wherein the surface materials are curved to increase the 
stiffness (rigidity) by pressurizing or depressurizing a space surrounded by the frame body 
and the surface materials. Sound insulation loss (deficiency) by the resonance transmission is 
prevented by controlling the vibrations of the surface materials (e.g., refer to Japanese Patent 
Application Publication No. 6-161463). 



[0011] A variable sound absorption device is also known, which comprises a piezoelectric 
material having piezoelectric properties of which the outer periphery is secured, a pair of 
electrodes provided on both opposite faces of this piezoelectric material, and a negative 
capacitance circuit adapted to connect between these electrodes, wherein the piezoelectric 
material is in a curved flat state and the electric properties of the negative capacitance circuit 
is constituted to be variable, thereby changing an elastic constant and a loss factor of the 
piezoelectric material (e.g., refer to Japanese Patent Application Publication No. 11-161284). 

[0012] However, the inventions disclosed in Japanese Patent Application Publication Nos. 5- 
94195 and 6-161463 refer to a technique to control deformation from a surface friction, in 
other words, a sound transmission caused by a bending resonance of a sound insulation wall 
as a result of increasing stiffness, a so-called coincidence, wherein the resonance frequency 
of this bending is due to the surface friction seen in a mass control domain in addition to the 
resonance frequency f r in the thickness direction as described above. Accordingly, to attain 
sound insulation by stiffness control, it is necessary to discuss the resonance frequency f r, 
that is, the surface density and the elasticity of the in-plane stretching. However, these 
inventions do not deal with the resonance frequency f r and thus, our problems can not be 
solved. 

[0013] Further, the invention disclosed in Japanese Patent Application Publication No. 11- 
161284 describes in theory that if the film is curved, the attenuation of sound can be 
increased. However, this invention does not describe that the sound insulation by elastic 
repulsion (stiffness control) of the film can be attained in less than the resonance frequency f 
r and the sound insulation performance depends on the mass of the film, the length of the 
periphery, the elastic constant, and the tensile force. The invention does not describe a sound 
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insulation/absorption structure taking these into consideration. Thus, our problems cannot be 
solved. 

SUMMARY OF THE INVENTION 

[0014] It is therefore an object of the present invention to overcome the above-mentioned 
problems in the conventional technology and to provide a sound insulation/absorption 
structure, a sound insulation/absorption device, and a structure having these applied thereto 
and a member constituting the same. 

[0015] To overcome the above-mentioned problems, according to the invention of claim 1, a 
film member such as a polymer film and a metal foil is formed into a curved shape such as a 
dome, a barrel, and a cone, the periphery of this curved shape is fixed to another structure, 
and the resonance frequency of the curved shape in the in-plane stretching is set at a 
frequency equal to or higher than the audible frequency band to insulate or absorb sound by 
the elastic force of the film. 

[0016] By securing the film member directly to the structure, it is possible to insulate or absorb 
the sound by stiffness control. 

[0017] The invention according to claim 2 comprises a film member, such as a polymer film and 
a metal foil, and a frame body having at least one opening of a lattice shape, a honeycomb 
shape or an annular shape, wherein the film member is fixed to the frame body, the section of 

« 

the film member surrounded by the frame body is formed into a curved shape such as a 
dome, a barrel, and a cone, and the resonance frequency of the curved shape in the in-plane 
stretching is set at a frequency equal to or higher than the audible frequency band, thereby 
insulating or absorbing sound by the elastic force of the film. 
[0018] In this manner, the invention comprises the light film member and the frame body having 
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at least one opening of a lattice, honeycomb or annular shape, wherein the periphery of the 
film member is secured by the frame body, the section of the film member surrounded by the 
frame body is formed into a curved shape such as a dome and a barrel, and the resonance 
frequency of the section in the in-plane stretching vibration is set at a frequency equal to or 
higher than the audible frequency band, thereby being capable of insulating or absorbing 
sound by stiffness control. 
[0019] The invention of claim 3 refers to a sound insulation/absorption structure according to 
claim 1 or claim 2 in which a holding means is provided to hold the film member in the 
curved shape. 

[0020] In this manner, the tensile force and the curved shape such as a dome can be applied to 

the film member by the holding means for holding and thus, sound insulation or absorption 

by stiffness control can be conducted. 
[0021] The invention of claim 4 refers to the sound insulation/absorption structure according to 

claim 1 or claim 2 in which the tensile force is applied to the film member. 
[0022] By applying the tensile force to the film member, it is possible to effectively insulate or 

absorb sound by stiffness control. 
[0023] The invention of claim 5 refers to the sound insulation/absorption structure according to 

claim 1 or claim 2 in which the film member is replaced by a plate member, such as a plastic 

plate, a metal plate and a veneer board (plate), formed into a curved shape such as a dome, a 

barrel and a cone. 

[0024] In this manner, the sound insulation/absorption structure comprises a light plate member, 
and a frame body having at least one opening of a lattice, honeycomb or annular shape, 
wherein the periphery of the plate member is secured by the frame body, the section of the 
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plate member surrounded by the frame body is formed into a curved shape such as a dome 
and a barrel, the resonance frequency of the section in the in-plane stretching vibration is set 
at a frequency equal to or higher than the audible frequency band, thereby being capable of 
insulating or absorbing sound by stiffness control. 

[0025] The invention of claim 6 comprises a film member, a frame body, an elastic body, and a 
supporting plate, wherein the elastic body and the film member are placed on the supporting 
plate to be pressed with the frame body so that the elastic body and the film member are held 
between the frame body and the supporting plate to apply a tensile force to the film member, 
the film member is formed into a curved shape such as a dome, and the resonance frequency 
of the curved shape in the in-plane stretching is set at a frequency equal to or higher than the 
audible frequency band to insulate or absorb sound by the elastic force of the film. 

[0026] As described above, the elastic body and the film member are placed on the supporting 
plate to be pressed with the frame body so that the elastic body and the film member are held 
between the frame body and the supporting plate to apply the tensile force to the film 
member, the film member is formed into the curved shape such as a dome, and the resonance 
frequency of the curvature-having shape in the in-plane stretching is set at a frequency equal 
to or higher than the audible frequency band, thereby being capable of insulating or 
absorbing sound by stiffness control. 

[0027] The invention of claim 7 comprises two film members, a frame body, and an elastic body, 
wherein the elastic body is placed between the two film members, the elastic body and the 
two film members are held between the frame body to apply a tensile force to the two film 
members, the two film members are formed into a curved shape such as a dome, and the 
resonance frequency of the curved shape in the in-plane stretching is set at a frequency equal 
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to or higher than the audible frequency band to insulate or absorb sound by the elastic force 
of the film. 

[0028] In this manner, the elastic body is placed between the two film members, the elastic body 
and the two film members are further held between the frame body to apply the tensile force 
to the two film members, the two film members are formed into the curved shape such as a 
dome, and the resonance frequency of the curved shape in the in-plane stretching is set at a 
frequency equal to or higher than the audible frequency band, thereby being capable of 
insulating or absorbing sound by stiffness control. 

[0029] The invention of claim 8 according to any one of claims 1 through 7 refers to the sound 
insulation/absorption structure, wherein the film member formed into the curved shape or the 
plate member formed into the curved shape is set in a one or two-dimensional array. 

[0030] With this arrangement, by setting the film member formed into the curved shape or the 
plate member formed into the curved shape in a one or two-dimensional array, it is possible 
to form a sound insulation/absorption structure which extensively insulates or absorbs sound 
by stiffness control. 

[003 1 ] The invention of claim 9 according to any one of claims 1 through 8 refers to the sound 
insulation/absorption structure, wherein the surface density, elastic constant, outer peripheral 
dimensions, and curvature radius of the curved section of the film member or the plate 
member is set so that the resonance frequency in the in-plane stretching vibration is within or 
higher than the audible frequency band. 

[0032] The invention of claim 10 according to any one of claims 1 through 9 refers to the sound 
insulation/absorption structure, wherein the film member or the plate member and the frame 
body securing these are integrally formed. 



8 



[0033] In the invention of claim 11, the film member or the plate member constituting the sound 
insulation/absorption structure according to any one of claims 1 through 10 is provided with 
a piezoelectric member to which a circuit presenting a negative capacitance is connected. 

[0034] By connecting the circuit presenting the negative capacitance to the piezoelectric member 
attached to the film member or the plate member, it is possible to constitute a sound 
insulation/absorption device which can electrically control the sound insulation/absorption 
performance. 

[0035] In the invention of claim 12, the film member or the plate member constituting the sound 
insulation/absorption structure according to any one of claims 1 through 10 is a member with 
piezoelectric properties to which a circuit presenting a negative capacitance is connected. 

[0036] By connecting the circuit presenting the negative capacitance to the film member or the 
plate member having the piezoelectric properties, it is possible to constitute a sound 
insulation/absorption device which can electrically control the sound insulation/absorption 
performance. 

[0037] In the invention of claim 13, the sound insulation/absorption structure according to any 
one of claims 1 through 10 is applied to structures such as an automobile, a vehicle such as 
an electric train, an aircraft, a marine vessel and other transport equipment (vehicle), a panel, 
partition and other building material, a sound insulation wall, a sound-proof wall, a building 
structure, a chamber, electric equipment, a machine, acoustic equipment and the like to 
insulate or absorb sound. 

[0038] In the invention of claim 14, the sound insulation/absorption structure according to any 
one of claims 1 through 10 is applied to a member constituting the structures such as an 
automobile, a vehicle such as an electric train, an aircraft, a marine vessel and other transport 
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equipment (vehicle), a panel, a partition and other building material, a sound insulation wall, 
a sound-proof wall, a building structure, a chamber, electric equipment, a machine, acoustic 
equipment and the like to insulate or absorb sound. 
[0039] In the invention of claim 15, the sound insulation/absorption device according to claim 11 
or claim 12 is applied to structures such as an automobile, a vehicle such as an electric train, 
an aircraft, a marine vessel and other transport equipment (vehicle), a panel, a partition and 
other building material, a sound insulation wall, a sound-proof wall, a building structure, a 
chamber, electric equipment, a machine, acoustic equipment and the like to insulate or absorb 
sound. 

[0040] In the invention of claim 16, the sound insulation/absorption device according to claim 11 
or claim 12 is applied to a member constituting the structures such as an automobile, a 
vehicle such as an electric train, an aircraft, a marine vessel and other transport equipment 
(vehicle), a panel, a partition and other building material, a sound insulation wall, a sound- 
proof wall, a building structure, a chamber, electric equipment, a machine, acoustic 
equipment and the like to insulate or absorb sound. 



BRIEF DESCRIPTION THE DRAWINGS 

[0041] Fig. 1 shows a first embodiment of a sound insulation/absorption structure according to 
the present invention, wherein Figs. 1 (a) and 1 (b) are the front view and the cross-sectional 
view thereof, respectively; 

[0042] Fig. 2 shows a second embodiment of the sound insulation/absorption structure according 
to the present invention, wherein Figs. 2 (a) and 2 (b) are the front view and the cross- 
sectional view thereof, respectively; 
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[0043] Fig. 3 is a cross-sectional view of a third embodiment of the sound insulation/absorption 

structure according to the present invention; 
[0044] Fig. 4 is a cross-sectional view of a fourth embodiment of the sound insulation/absorption 

structure according to the present invention; 
[0045] Fig. 5 is a cross-sectional view of a fifth embodiment of the sound insulation/absorption 

structure according to the present invention; 
[0046] Fig. 6 is a cross-sectional view of a sixth embodiment of the sound insulation/absorption 

structure according to the present invention; 
[0047] Fig. 7 is a cross-sectional view of a seventh embodiment of the sound 

insulation/absorption structure according to the present invention; 
[0048] Fig. 8 shows a schematic diagram of an electric circuit presenting a negative capacitance, 

wherein Fig. 8 (a) shows the case where a piezoelectric body and the negative capacitance 

are connected in parallel and Figs. 8 (b) and (c) show the cases where the piezoelectric body 

and the negative capacitance are series-connected; 
[0049] Fig. 9 is a schematic diagram of the piezoelectric body and elements which are connected 

to a negative capacitance circuit; 
[0050] Fig. 10 shows the frequency characteristics of a sound transmission loss of which the 

parameter is the curvature radius of a polymer film; 
[0051] Fig. 11 shows the frequency characteristics of a sound transmission loss of which the 

parameter is the thickness of the polymer film; 
[0052] Fig. 12 shows the frequency characteristics of an insertion loss of the sound 

insulation/absorption structure; 
[0053] Fig. 13 shows the frequency characteristics of a sound transmission loss of a panel in 
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which a rigid plastic molded into a dome shape is used; 
[0054] Fig. 14 shows the frequency characteristics of a sound transmission loss in the case where 

a PVDF film is controlled by a negative capacitance circuit; 
[0055] Fig. 15 shows the frequency characteristics of a sound transmission loss of a large panel 

in which a rigid plastic of a dome shape is set in a two-dimensional array; and 
[0056] Fig. 16 is a graph showing the sound transmission loss relative to a logarithmic 

frequency. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0057] The preferred embodiments of the present invention will be described hereunder with 
reference to the accompanying drawings (Figs. 1 through 15). 

[0058] A sound insulation/absorption structure according to the present invention comprises a 
light film or plate member, formed into a curved shape such as a dome and a barrel, which 
has been considered to have a lesser sound insulation performance in the past, and a frame 
body adapted to secure its periphery. The film or plate member has less strain by sound 
pressure in a flat shape and has little sound insulation performance by elasticity and little 
sound absorption performance by an elastic loss. 

[0059] However, when the film or plate member is formed into a curved shape such as a dome 
and a barrel, it begins to produce the in-plane stretching vibration increasing or decreasing 
the curvature by sound pressure. By causing the film or plate member to produce the in-plane 
stretching vibration by sound pressure, sound insulation of the film or plate member by 
elasticity and sound absorption by elastic loss are possible. 

[0060] Sound insulation by the film member formed into the dome shape or the like is attained at 
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a lower frequency band than the resonance frequency f r of the in-plane stretching vibration. 
If the lighter film member with larger elastic constant is used according to the formula (2), it 
is possible to easily set the resonance frequency f r at a frequency higher than the audible 
frequency band. Since the resonance frequency f r depends on the curvature radius of the 
film, thickness of the film member, tensile force applied to the film member, and length of 
the section secured by the frame body, it is necessary to properly fix these to set the 
resonance frequency f r at the intended frequency. 
[0061] A sound transmission loss TL and a sound absorption coefficient a of the film member of 
which the periphery is secured and to which a curvature has been applied is given by the 
following formulas (3) through (5): 
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[0062] where Y* is the in-plane elastic constant of the film member, Y" is the in-plane elastic 
loss of the film member, co is the angular frequency, p is the density of the film member, h is 
the thickness of the film member, R is the curvature radius of the film member, p 0 is density 
of air, and Co is the sound velocity of air. 

[0063] According to the formulas (3) through (5), the sound transmission loss TL and the sound 
absorption coefficient a become minimal when the film member is in a flat shape (R = °o) 
and increase as R becomes smaller because the sound transmission loss TL and the sound 
absorption coefficient a are in inverse proportion to R. 
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[0064] The sound insulation/absorption structure according to the present invention provides an 
optimum structure, material and technique to embody the above-mentioned principle as a 
sound insulation structure which requires a large area and combines a frame body rigid 
relative to sound and a film or plate member provided with curvature. In the case where tHe 
frame body has a flat shape, flexure (deflection) may be caused in the frame body itself 
depending on the sound to decrease the sound insulation performance. By bending the frame 
body, the flexure of the frame body by the sound can be reduced so as to prevent the 
deterioration of the sound insulation performance. 

[0065] As shown in Fig. 1, a first embodiment of a sound insulation/absorption structure 
according to the present invention comprises a film member 1 formed into a domed shape 
with a curvature and an annular frame body 2 adapted to secure the film member 1 by 
securing the edge section of the film member 1 between both sides of the frame body 2. A 
metal foil such as an aluminum foil, a polymer film such as a polyethylene film or the like is 
used as the film member 1. The shape of the film member 1 of which the edge section is 
secured by the frame body 2 can not only be a dome shape, but also a shape with curvature 
such as a barrel and a cone. On the other hand, the frame body 2 can not only be an annular 
shape, but also a square (lattice) shape, a hexagonal (honeycomb) shape and the like. The 
frame body 2 can be made of plastics, metal and the like. 

[0066] The film member can be replaced by a plastic plate such as an acrylic and a polyethylene 
terephthalate, a metal plate such as aluminum or a plate member such as a veneer board, 
formed into a curved shape such as a dome, a barrel, and a cone. 

[0067] As shown in Fig. 2, a second embodiment of the sound insulation/absorption structure 
can also be composed of a film member 3 having a curved shape such as a dome formed at 
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four places and a square-shaped (lattice-shaped) frame body 4 adapted to secure the film 
member 3 by holding the periphery of each curved shape between both sides thereof. It is to 
be noted that the number of curved shapes such as the dome formed on the film member 3 
can not be limited to four, but a plurality of curved shapes can be provided. In this case, the 
frame body 4 can be formed to meet the number of curved shapes such as the dome formed 
on the film member 3. 

[0068] In a third embodiment of the sound insulation/absorption structure as shown in Fig. 3, a 
metal mesh 5 serving as a holding means is formed in a dome or barrel shape. The film 
member 1 held between both sides of the annular frame body 2 is applied to the metal mesh 
5, wherein the tensile force and the curved shape such as the dome are applied to the film 
member 1 . 

[0069] A fourth embodiment of the sound insulation/absorption structure as shown in Fig. 4 is 
provided, in which a plurality of metal meshes 5 is formed in a dome shape and a film 
member 3 held between both sides of a frame body 4 of a lattice shape is applied to the metal 
mesh 5 so that the tensile force and the curved shape such as the dome are applied to the film 
member 3. 

[0070] Referring to a fifth embodiment of the sound insulation/absorption structure as shown in 
Fig. 5, an elastic body 6 such as sponge serving as a protective layer is provided between the 
film member 1 and the metal mesh 3 in the third embodiment. 

[0071] A sixth embodiment of the sound insulation/absorption structure is provided as shown in 
Fig. 6, in which an elastic body 6 and a film member 3 are put on a supporting plate 7 to be 
pressed by a lattice-shaped frame body 4 so that the elastic body 6 and the film member 3 are 
held between the frame body 4 and the supporting plate 7, wherein the tensile force is applied 
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to the film member 3 formed into a curved shape such as a dome. 
[0072] Referring to a seventh embodiment of the sound insulation/absorption structure as shown 
in Fig. 7, the elastic body 6 is held between two film members 1 and the elastic body 6 and 
the two film members 1 are then held between the frame body 2 to apply the tensile force to 
the two film members 1, wherein the two film members 1 are formed into a curved shape 
such as a dome. 

[0073] In this case, a sound absorption effect can be added if a material with sound absorption 
power (a sound absorption material) such as glass wool and rock wool is used. The film 
member 1 can be replaced by a plate member such as a plastic plate, a metal plate and a 
veneer board, formed into a curved shape such as a dome and a barrel. 

[0074] In any sound insulation/absorption structure as shown in Figs. 1 through 7, the sound 
insulation performance and the sound absorption performance depend on the resonance 
frequency f r of the sections of the film members 1 and 3 surrounded by the frame bodies 2 
and 4 in the in-plane stretching vibration. It is therefore important to set the surface density 
and elastic constant of the film members 1 and 3, and the length, curvature radius, and tensile 
force of the sections surrounded by the frame bodies 2 and 4 so that this resonance frequency 
is set at a frequency equal to or higher than the audible frequency band. 

[0075] Further, if a material with piezoelectric properties (i.e., a piezoelectric body) is used as 
the film members 1 and 3 constituting the sound insulation/absorption structure, an electrode 
is provided on each side of the piezoelectric material, and an electric circuit presenting a 
negative capacitance (i.e., negative capacitance circuit) is connected in such an equivalent 
manner that a condenser having a negative capacitance is connected in parallel or in series, it 
is possible to constitute a sound insulation/absorption device which can artificially change 
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the sound insulation performance and the sound absorption performance by electrically 
changing the elastic constant of the film members 1 and 3. 
[0076] Available as the piezoelectric body is a piezoelectric polymer such as a polyvinylidene 
fluoride, a vinylidene fluoride copolymer, a polylactic acid, and cellulose; piezoelectric 
ceramics such as PZT; or a composite material of the piezoelectric material and the polymer 
material. 

[0077] Fig. 8 shows negative capacitance circuits 8a, 8b and 8c. In the negative capacitance 
circuit 8a as shown in Fig. 8 (a), the elastic constant of the piezoelectric body 9 can be 
increased, while in the negative capacitance circuits 8b and 8c as shown in Figs. 8 (b) and 
(c), the elastic constant thereof can be decreased. Even in the case where any negative 
capacitance circuit 8a, 8b or 8c is connected, the elastic constant of the piezoelectric body 9 
changes at a frequency in which the electric loss of the piezoelectric body 9 and the negative 
capacitance circuits 8a, 8b and 8c substantially agree. 

[0078] An element Z0 as shown in Fig. 8 is formed by a resistor and a condenser. In this case, if 
a condenser made of the same material as the piezoelectric material is used, it is possible to 
uniformly change the elastic constant of the piezoelectric body 9 irrespective of the 
frequency. Elements Zl and Z2 as shown in Figs. 8 (a) through (c) are constituted by at least 
one of a resistor, a condenser and a coil. The capacitance of the negative capacitance circuits 
8a and 8b as shown in Figs. 8 (a) and (b) is expressed by a product of the capacitance of the 
element Z0 and the impedance ratio (Z2 / Zl) of the elements Z2 and Zl. 

[0079] In the negative capacitance circuit 8c as shown in Fig. 8 (c), an element expressed by - 
Z3 x Z5 / Z4 is connected in parallel with the element Z0. The capacitance of the negative 
capacitance circuit 8c is expressed by a product of the capacitance, in which the element 
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expressed by - Z3 x Z5 / Z4 is connected in parallel with the element ZO, and the impedance 
ratio (Z2 / Zl). If the elements Zl and Z2 are constituted by one variable resistor, it is 
possible to make the capacitance of the negative capacitance circuits 8a, 8b and 8c variable. 

[0080] As shown in Fig. 9, elements 11, 12 and 13 are connected to the piezoelectric body 9 
which is connected to the negative capacitance circuits 8a, 8b and 8c. The elements 11 
through 13 can be constituted by at least one of a resistor, a condenser, and a coil, or by 
opening the element 11, the elements 12 and 13 can also be short-circuited. 

[0081] An evaluation result of the sound insulation characteristics on the sound 
insulation/absorption structure according to the present invention is shown in Fig. 10. A 
vertically incident transmission loss was measured, using a sound tube, for a polymer film 
having a flat shape and polymer films with a curvature radius of 10 cm or 5 cm, to which a 
metal mesh is applied from behind. 

[0082] In the case of the flat polymer film, the sound transmission loss is several dB and the 
polymer film does not demonstrate a sound insulation performance. However, in the case of 
the polymer film with a curvature radius of 10 cm, the sound transmission loss increases 
more than 10 ~ 20 dB and shows a tendency to increase in response to the low frequency 
peculiar to the stiffness control. 

[0083] As a result of changing the curvature radius of the polymer film from 10 cm to 5 cm, the 
sound transmission loss further increased by about 5 dB. In this manner, when the curvature 
is applied to the polymer film, the film begins to show the sound insulation performance of 
stiffness control and the sound insulation performance increases as the curvature radius 
becomes smaller. 

[0084] Next, frequency characteristics of the sound transmission loss in a polymer film of a 
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thickness of 12 microns, 40 microns, and 80 microns, which is formed into a dome shape and 
to which tensile force is applied are shown in Fig. 11. The sound transmission loss increases 
as the thickness of the polymer film increases. 

[0085] Next, a polymer film is secured to a frame body in which a square lattice of 2.5 cm x 2.5 
cm is arranged 10 x 10 in every direction and a metal mesh formed into a dome shape is 
pressed into a polymer film surrounded by each lattice to form the polymer film in a dome 
shape. The domed polymer film is then disposed in a two-dimensional manner to provide a 
sound insulation/absorption structure. An insertion loss of the sound insulation/absorption 
structure formed in this manner was measured using a small reverberation box. In addition, 
an evaluation was also made on the sound insulation/absorption structure to which flat veneer 
boards with a thickness of 1 cm each are laminated to provide a double wall. 

[0086] Fig. 12 shows the evaluation result. An insertion loss of the sound insulation/absorption 
structure according to the present invention shows a tendency to become larger as the 
frequency peculiar to the stiffness control lowers. On the other hand, the insertion loss of the 
veneer board shows a tendency to become larger as the frequency peculiar to the mass law 
becomes higher. In the double wall having these combined, an insertion loss of more than 20 
dB was obtained between 100 Hz and 20 kHz. 

[0087] Fig. 13 is a graph showing the sound insulation performance of a panel using a rigid 
plastic formed into a dome shape, relative to the frequency. A rectangular opening of 14 cm x 
24 cm is provided at the center of a rectangular aluminum plate (1 cm thick) of 20 cm x 30 
cm and a polyethylene terephthalate (PET) plate with a thickness of 1.5 mm formed into a 
dome shape with a height of 3 cm is inserted into the opening. The periphery of the plate is 
held and secured between two aluminum frames from both directions. 
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[0088] In the case of more than 1 kHz, the sound insulation performance improves as the 
frequency becomes higher. In other words, a tendency of sound insulation by a so-called 
mass of plate can be seen. On the other hand, in the case of less than 1 kHz, a tendency of 
frequency dependence can not be seen in the sound insulation performance and a result 
whereby the sound insulation performance becomes constant at about 30 dB was obtained. 
This is because the sound insulation acts from elasticity of the plastic plate formed into a 
dome shape. 

[0089] Fig. 14 shows the result of sound insulation performance control in which the plastic 
plate of the panel is PVDF (polyvinylidene fluoride) film and is controlled by the negative 
capacitance circuit. Since the elastic force of the film is small as compared to the rigid 
plastic, the resonance frequency of the in-plane stretching vibration moves to the lower 
frequency side. The film's original sound insulation performance shows the effect by the 
mass in the case of more than 300 Hz. In the case of less than 300 Hz, there is a tendency for 
the sound insulation performance to increase in response to the low frequency peculiar to the 
elastic effect. The sound insulation performance of the panel increased up to 20 dB between 
100 Hz and 1 kHz by the circuit control. 

[0090] Fig. 15 shows frequency characteristics of the sound insulation performance of a large 
panel in which a dome-shaped rigid plastic is disposed in a two-dimensional manner. The 
outer peripheral dimensions of the panel are about 1.2 m x 1.6 m. A PET plate with a 
thickness of 1.5 mm formed into a square of 4 cm x 4 cm and a dome shape of a curvature 
radius of 4 cm was arranged on the panel in a two-dimensional manner. The dome shape was 
disposed at 15 locations to be 5 lines x 3 rows on the PET plate of a size of 20 cm x 30 cm 
and each dome shape is secured by an aluminum frame. This is one unit, and 30 additional 
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units of the dome shapes were further disposed to have 6 lines x 5 rows. The large panel 
demonstrated a sound insulation performance of more than 20 dB was maintained between 
100 HZ and 1 kHz. 

[0091] These results indicate that the present invention can provide a sound insulation structure 
which realizes sound insulation by the elastic force of the domed film or plate from a small 
structure to a large-sized sound insulation wall. 

INDUSTRIAL APPLICABILITY 

[0092] According to the present invention, a light film member, and a frame body having at least 
one opening of a lattice, honeycomb or annular shape are provided, the periphery of the film 
member is secured by the frame body, and the section of the film member surrounded by the 
frame body is formed into a curved shape such as a dome and a barrel, wherein the resonance 
frequency of the section in the in-plane stretching vibration is set at a frequency equal to or 
higher than the audible frequency band, thereby being capable of insulating or absorbing 
sound by stiffness control. 

[0093] Further, an elastic body and a film member are put on a supporting plate to be pressed 
with a frame body so that the elastic body and the film member are held between the frame 
body and the supporting plate to apply a tensile force to the film member, wherein the film 
member is formed into a curved shape such as dome, and the resonance frequency of this 
curved shape in the in-plane stretching is set at a frequency equal to or higher than the 
audible frequency band, thereby being capable of insulating or absorbing sound by stiffness 
control. 

[0094] Still further, the film member or the plate member constituting the sound 
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control. 

[0095] Still further, the film member or the plate member constituting the sound 
insulation/absorption structure is provided with a piezoelectric member and a circuit 
presenting a negative capacitance is connected to the piezoelectric member. Further, the film 
member or the plate member constituting the sound insulation/absorption structure can be a 
member with piezoelectric properties. By connecting the circuit presenting the negative 
capacitance to this member, it is possible to provide a sound insulation/absorption device 
which can electrically control the sound insulation/absorption performance. 

[0096] The sound insulation/absorption structure and the sound insulation/absorption device can 
be applied to all structures which require sound insulation/absorption and to a member 
constituting the structures, such as an automobile, a vehicle such as an electric train, an 
aircraft, a marine vessel and other transport equipment (vehicle), a panel, a partition and 
other building materials, a sound insulation wall, a sound-proof wall, a building structure, a 
chamber, electric equipment, a machine, acoustic equipment and the like. 
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